Corticosterone regulates a wide range of physiological parameters. Two receptors for corticosterone have been identi®ed, the mineralocorticoid (type I) receptor (MR) and the glucocorticoid (type II) receptor (GR). To determine the relative role of these two receptors in mediating the effects of endogenous corticosterone, many studies have relied on the use of putative selective corticosteroid receptor antagonists. This study further examined the in vivo receptor selectivity of two compounds, RU28318 and RU40555 that are believed to be selective antagonists for MR and GR, respectively. Acute treatment of adrenalectomized rats with RU28318 (10±50 mg/kg) selectively decreased ex-vivo available MR binding in the hippocampus, whereas acute treatment with RU40555 (10±30 mg/kg) selectively decreased available GR binding in the hippocampus and pituitary. These receptor binding measures suggest that RU28318 in vivo selectively occupied MR, and that RU40555 in vivo selectively occupied GR. In functional studies, RU28318 (50 mg/kg) blocked the normalizing effect of aldosterone (120 m mg/kg) on saline intake of adrenalectomized rats. RU40555 (30 mg/kg) blocked the suppressive effect of dexamethasone (50 m mg/kg) on acute stress-induced corticosterone secretion. These studies further support the in vivo corticosteroid receptor selectivity of these two compounds and con®rms their effective corticosteroid antagonistic properties. #
INTRODUCTION
Corticosterone is a systemic hormone that has important regulatory effects on virtually every physiological system of the body. As the end-product of the hypothalamic±pituitary±adrenal (HPA) axis, corticosterone secretion is ultimately controlled by the brain. Activation of the HPA axis is primarily a result of circadian and stress reactive circuits in the brain converging on neurons in the paraventricular nucleus of the hypothalamus [1, 2] . Thus, circulating corticosterone levels vary considerably throughout the day in response to changes in the environment, such as the time of day and the presence or absence of stress. Cells throughout the body may optimize their function in the face of changing environmental demands by responding to¯uctuations in corticosterone. The responsiveness of cells to corticosterone is dependent on expression of corticosteroid receptors. Two closely related receptors for corticosteroids have been identi®ed, the mineralocorticoid receptor (MR or type I corticosteroid receptor) and the glucocorticoid receptor (GR or type II corticosteroid receptor) [3, 4] . These receptors differ in their af®nity for corticosterone [5] and they can mediate different cellular effects [6] . Consequently, there may be separate roles of these two receptors in mediating the wide ranging effects of corticosterone on speci®c cell types and/or physiological systems. A very useful tool for determining these relative roles of MR and GR is in vivo treatment with selective receptor antagonists. Several different steroid analogues have been characterized which appear to be effective in selectively antagonizing corticosterone effects mediated by MR or GR. However, for each of these compounds the validation of their suitability for in vivo studies has been limited.
In recent years a number of studies have used RU28318 as a selective MR antagonist. RU28318 has been reported to be superior to the more traditional anti-mineralocorticoid, spironolactone, in terms of having a higher in vivo anti-mineralocorticoid activity and a lower anti-androgen activity [7] . However, in vitro receptor binding studies suggest that RU28318 may have considerable interaction with GR [8, 9] .
RU486 has been the most widely used compound for blocking GR, however, in many cases this compound has been found to have agonist properties [10± 14] . In addition, for the last several years the distribution of RU486 in the U.S.A. has been prohibited or severely restricted. A potential alternative selective GR antagonist is RU40555. This compound has been described by its developer (Roussel-Uclaf, Romainville, France) as having a similar receptor selectivity as RU486 (af®nity for both glucocorticoid and progesterone receptors), but a lower potency for blocking glucocorticoid effects (unpublished correspondence with Roussel-Uclaf).
We report here studies that further evaluated the suitability of using RU28318 and RU40555 as selective MR and GR antagonists for in vivo studies in the rat. Both the dose-and time±response effects of these drugs on available MR and GR receptor binding were examined. From these studies we can estimate the proportion of MR and GR that are occupied in vivo by these compounds and thereby assess the extent to which these compounds selectively interact with MR and GR [15, 16] . For the receptor binding studies we have utilized the hippocampus and pituitary. Hippocampal tissue was selected as a representative brain region. The hippocampus is an ideal tissue for available corticosteroid receptor measures because of its high expression of both MR and GR. In addition, there is considerable interest among researchers in the relative roles of hippocampal MR and GR expression in regulating a number of hippocampal formation related processes such as neuronal excitability [17] , long-term potentiation [18] , primed burst potentiation [19] , neurotransmitter receptor expression [20±23], neuronal atrophy [24] and neuronal survival [25, 26] . The pituitary was selected as a representative peripheral tissue that also has direct relevance for corticosteroid negative feedback actions on HPA axis activity.
In addition to available receptor binding studies, we have tested these compounds in functional studies. These functional studies were designed to con®rm in vivo the ability of these antagonists to block the effects of an agonist for MR or GR. Furthermore, these functional studies tested for possible agonist effects of these putative antagonist compounds. One of the best characterized physiological roles of MR is mediation of sodium retention by the kidney and a complementary regulation of sodium appetite [27] . Adrenalectomy of rats results in increased sodium intake, which can be normalized by treatment with the MR selective agonist, aldosterone [28, 29] . Therefore, we have tested the ability of RU28318 to functionally antagonize this MR mediated effect by examining saline intake in adrenalectomized rats treated with aldosterone 2RU28318. For functional analysis of RU40555 we have examined the ability of RU40555 to antagonize dexamethasone (GR selective agonist) suppression of the HPA axis response to acute stress. The suppression of the corticosterone acute stress response by dexamethasone has been well established as a sensitive GR mediated effect [1] .
A limitation of these functional tests is that they may not directly test the antagonist properties of these compounds within the brain. There is evidence for a central site of action for aldosterone modulation of sodium appetite [29, 30] , although the hippocampus is probably not involved [31] . There is the possibility, however, that the normalization of saline intake by a systemic dose of aldosterone is secondary to normalization of sodium retention within the kidney. In addition, the suppressive effect of dexamethasone on HPA axis activity has been repeatedly demonstrated to depend primarily on dexamethasone activation of GR located in the pituitary [32±34]. Nevertheless, by combining these functional tests with evaluation of the ability of RU28318 and RU40555 to occupy corticosteroid receptors within the brain and pituitary, a better in vivo validation of the selective antagonistic properties of these compounds is provided than has previously been reported.
MATERIALS AND METHODS

Subjects
Experimental subjects were male Sprague Dawley rats (285±350 g at time of experimentation) purchased from Harlan Sprague Dawley (Indianapolis, IN). Animals were housed in wire mesh hanging cages (3 rats per cage) and were given food (Purina laboratory rat chow) and tap water ad lib. The animal room was maintained on a 12 h light:dark cycle (lights on at 7.00 a.m.). All experimental procedures were conducted in the a.m. After arrival at the University of Colorado at Boulder animal care facilities the animals were given a 2 week acclimation period before onset of experimentation. All exper-iments were approved by the University of Colorado Institutional Animal Care and Use Committee.
Corticosteroid agonists and antagonists
The MR antagonist used for these studies was RU28318 ( [7,17alpha ]-17-hydroxy-3oxo-7-proplpregn-xene-21-carboxylic acid potassium). The GR antagonist used for these studies was RU40555 (17-beta-hydroxy-11-beta-/4-/[methyl]-[1-methylethyl]aminophenyl/-17alpha-[prop-1-ynyl]estra-4-9-diene-3-one). Both antagonists were donated by RousselUclaf (Romainville, France). Aldosterone and dexamethasone were used as selective MR and GR agonists, respectively. Although dexamethasone binds MR with a high af®nity in an in vitro receptor binding assay [16, 35] , in vivo dexamethasone is a selective agonist for GR [36] . Aldosterone and dexamethasone were purchased from Sigma (St. Louis, MO DISCUSSION) . For all of the receptor binding measures the rats were adrenalectomized 24 h prior to the day of experimentation to prevent interference from endogenous corticosterone. On the day of experimentation rats were injected with RU28318 or RU40555 (see below for doses) and were then killed by rapid decapitation 1 or 2 h later. Immediately following decapitation, the hippocampus and pituitary were rapidly removed and stored at À708C. Trunk blood was also collected for determination of plasma corticosterone. None of the plasma samples from adrenalectomized rats had plasma corticosterone levels above detection limits of our assay (0.5 mg/ 100 ml, for a 20 ml sample).
The available cytosolic MR and GR binding was measured using a radioligand receptor binding assay [16] . Tissues from individual animals were homogenized in a buffer solution comprised of 10 mM Tris, 1 mM EDTA, 10% glycerin, 20 mM molybdic acid and 5 mM dithiothreitol at a pH of 7.4 at 48C. The homogenate was centrifuged (100,000g, 30 min) and 150 ml of the supernatant fraction (cytosol) was incubated for 18±24 h in the presence of 200 ml of [3H]-dexamethasone (10 nM, ®nal concentration) 2-non-radioactive competitors.
[3H]-Dexamethasone was used because of its high af®nity for both MR and GR in vitro [16, 35] . Available GR binding was determined from the amount of total [3H]-dexamethasone binding that was displaced by the selective GR ligand RU28362 (0.5 mM) [9] . Available MR binding was determined by the amount of residual [3H]-dexamethasone speci®c binding. Nonspeci®c binding was de®ned as the amount of [3H]-dexamethasone binding that was not displaced by an excess of dexamethasone (10 mM). Non-speci®c binding was less than 10% of total binding. Bound [3H]-dexamethasone was separated from unbound steroid by gel ®ltration (100 ml per incubate in triplicate) in 1 ml Sephadex (LH-20, Pharmacia) columns. The resulting eluate was mixed with scintillation cocktail and the radioactivity was measured using a scintillation counter. Protein concentrations for each cytosolic sample were determined using a Bradford assay [37] ; bovine serum albumin was used for the protein standard. The ®nal protein levels in each incubation tube ranged from 0.5±1.5 mg/ml.
Experiment 1: dose-and time-response study of the effect of RU28318 on available MR and GR binding in the hippocampus
The in vivo selectivity of a range of doses of RU28318 for MR was tested. For the dose±response comparison adrenalectomized rats (n = 3±4) were injected s.c. 1 h before death with either vehicle (propylene glycol, 1 ml/kg) or one of three doses of RU28318 (10, 25 or 50 mg/kg). An additional group of adrenalectomized rats (n = 3) was injected with the highest dose of RU28318 (50 mg/kg) and were killed 2 h after injection. The 2 h time-point was included in order to provide some indication as to whether the effects of the antagonists would be sustained for at least 2 h after injection.
Experiment 2: dose-and time±response study of the effect of RU40555 on available MR and GR binding in the hippocampus
Following the same design as experiment 1, the in vivo selectivity of a range of doses of RU40555 for GR was tested. For the dose±response comparison adrenalectomized rats (n = 3±4) were injected s.c. 1 h before death with either vehicle (propylene glycol, 3 ml/kg) or one of three doses of RU40555 (10, 20, or 30 mg/kg). An additional group of adrenalectomized rats (n = 3) was injected with the highest dose of RU40555 (30 mg/kg) and was killed 2 h after injection. Due to the poor solubility of RU40555, all injection solutions were adjusted to an injection volume of 3 ml/kg.
Experiment 3: comparison of the effects of RU28318 and RU40555 on available MR and GR binding in the hippocampus and the pituitary
This experiment compared the effect of antagonist treatment on available MR and GR binding in both the hippocampus and the pituitary (n = 5±6). Vehicle (propylene glycol, 3 ml/kg, s.c.), RU28318 (50 mg/kg, s.c.) or RU40555 (30 mg/kg, s.c.) were injected in adrenalectomized rats. Rats were then killed 60 min later.
FUNCTIONAL STUDIES
Experiment 4: mineralocorticoid receptor dependent functional bioassay
A functional validation of the ability of RU28318 to antagonize an MR dependent effect in vivo was conducted using the`two water bottle drinking test' in adrenalectomized rats. This test relies on the voluntary increased saline intake observed in rats after adrenalectomy. Low dose aldosterone replacement is known to reverse the increased saline intake [28, 29] . Subjects were individually housed and were given the choice of two drinking bottles ®lled with either tap water or 0.9% saline. The relative daily liquid intakes were monitored by measuring the weight of the two water bottles over a 24 h period. The change in weight of the water bottles was then converted into the volume consumed (1 g = 1 ml). All subjects except for the Sham rats were adrenalectomized 1 week prior to the onset of treatment. The subjects were then injected with antagonist (RU28318, 50 mg/ kg, s.c.) or vehicle (propylene glycol, 1 ml/kg s.c.) and 45 min later were injected with agonist (aldosterone, 120 mg/kg, s.c.) or vehicle (propylene glycol, 1 ml/kg s.c.). Thus, adrenalectomized rats were given one of the following four treatment combinations: (1) vehicle + vehicle, (2) RU28318 + vehicle, (3) vehicle + aldosterone or (4) RU28318 + aldosterone (n = 3±4). Sham rats were given only vehicle injections. Treatments were given to each rat on two consecutive days. 24-h intake was measured each morning. On treatment days the measurement of water intake was followed by injection.
Experiment 5: glucocorticoid receptor dependent functional bioassay
Dexamethasone is a potent and relatively selective GR agonist in vivo [36] and has been consistently shown to suppress the stress-induced rise in corticosterone [1] . Therefore, we examined the ability of RU40555 to block the effect of dexamethasone on corticosterone secretion during 1 h of restraint stress. RU40555 (30 mg/kg, s.c.) or vehicle (propylene glycol, 3 ml/kg, s.c.) was injected 90 min prior to the onset of restraint stress, while dexamethasone (50 mg/ kg, s.c.) or vehicle (propylene glycol, 1 ml/kg, s.c.) was injected 60 min prior to the onset of restraint stress. Thus, there were 4 combinations of drug treatment: (1) vehicle + vehicle, (2) RU40555 + vehicle, (3) vehicle + dexamethasone and (4) RU40555 + dexamethasone (n = 4). These manipulations were performed during the ®rst third of the light period. Restraint consisted of placing rats in a Plexiglas tube (23.5 cm in length and 7 cm in diameter) that inhibited forward/backward and lateral movement. Serial blood samples (approximately 100 ml/sample) were collected from the tip of the tail of each rat at 0, 30, 60, 90 and 120 min after the onset of stress. Plasma corticosterone was measured by radioimmunoassay. Plasma samples were diluted 1:50 in 0.01 M PBS and corticosteroid binding globulins were heat inactivated by incubating the diluted samples for 1 h at 708C. Samples and corticosterone standards (25±2000 pg per tube) were incubated overnight with antiserum (B21-42, Endocrine Sciences, Tarzana, CA) and [3H] corticosterone (20,000 cpm/tube). Antibody-bound steroid was separated from free steroid with dextran-coated activated charcoal. The antibody bound steroid was then mixed with scintillation cocktail and the radioactivity was counted using a scintillation counter. Assay sensitivity was 0.5 mg/100 ml for an assay volume of 20 ml of plasma. All samples were analyzed within the same assay. The intra-assay coef®cient of variation was 9.5% for a sample containing approximately 5 mg/ 100 ml and 4.4% for a sample containing approximately 20 mg/100 ml (n = 4).
Data analysis and statistics
Statistical analysis was conducted with aid of the computer statistics package Systat (Evanston, IL). Overall statistical signi®cance of mean differences between three or more groups was determined by analysis of variance. Post hoc tests of difference between two groups was determined by the Tukey's test. For experiment 4 the Student's paired t-test was used to determine whether there was a signi®cant difference in saline intake for a particular group of rats before and after treatment. For all statistical tests the signi®cance level was p = 0.05. Data are presented as the mean 2 SEM.
RESULTS
Experiment 1: dose-and time±response study of the effect of RU28318 on available MR and GR binding in the hippocampus
Acute treatment with RU28318 produced a doserelated decrease in available MR binding, F(4, 12) = 25.6, p < 0.01 [ Fig. 1(A) ]. The highest dose of RU28318 (50 mg/kg) produced greater than an 85% decrease in available MR by one hour after injection, which was still present at the 2 h time point [ Fig. 2(A) ]. The level of available MR in the highest dose RU28318 treatment group was signi®cantly lower than the level of available MR in the two lower dose RU28318 treatment groups as determined by the Fisher's least signi®cant difference post hoc test [ Fig. 1(A) ]. RU28318 appeared to have a small effect on available GR binding, but this effect was not statistically signi®cant.
Experiment 2: dose-and time±response study of the effect of RU40555 on available MR and GR binding in the hippocampus
All three doses of RU40555 produced a 70±80% decrease in available GR binding, F(4, 11) = 9.2, p < 0.01 [ Fig. 1(B) ]. The decrease in available GR binding was comparable at both the 1 and 2 h time points [ Fig. 2(B) ]. RU40555 treatment produced no signi®cant effect on available MR.
Experiment 3: comparison of the effects of RU28318 and RU40555 on available MR and GR binding in the hippocampus and the pituitary
This experiment was conducted in order to determine whether the acute effects of RU28318 and RU40555 on available hippocampal corticosteroid receptor binding observed in experiments 1 and 2 would be extended to the pituitary. In addition, since there was some suggestion in experiment 1 that Signi®cantly different from 10 and 25 mg/kg RU28318 treatment groups for the same receptor subtype measure, p < 0.05, Fisher's least signi®cant difference test. RU28318 had a small effect on available GR binding in the hippocampus, hippocampal tissue was re-examined in this experiment. The highest dose of both compounds tested in experiments 1 and 2 were used for this experiment since the previous experiments indicated that they were as selective for MR or GR as were the lower doses and, in the case of RU28318, the highest dose produced a greater effect on available receptors than was produced by the two lower doses. RU28318 produced a statistically signi®cant 70% decrease in available MR binding in the hippocampus [ Fig. 3(A) ]. RU28318 produced a similar magnitude of decrease in available MR binding in the pituitary, however, partly due to the relatively low MR expression in the pituitary, even in the vehicle treated group, this effect was not statistically signi®cant [ Fig. 3(A) ]. In this experiment which contained larger sample sizes than experiment 1, there was no trend for an effect of RU28318 treatment on available GR binding in either the hippocampus or the pituitary.
RU40555 produced a signi®cant 65% decrease in available GR binding in both the hippocampus and the pituitary [ Fig. 3(B) ]. RU40555 had no signi®cant effect on MR binding in either tissue.
Experiment 4: mineralocorticoid receptor dependent functional bioassay 1 week following adrenalectomy there was a substantially greater amount of saline intake in adrenalectomized rats (33 2 2 ml/day) compared to sham adrenalectomized rats (7 2 1 ml/day) (Fig. 4) . There was also a reciprocal decrease in tap water intake of adrenalectomized rats (152 2 ml/day) compared to sham adrenalectomized rats (282 3 ml/day) (data not shown). Upon treatment with aldosterone, adrenalectomized rats signi®cantly decreased their saline intake to levels that were comparable to sham adrenalectomized rats (Fig. 4) . Treatment of adrenalectomized rats with RU28318 or RU28318 + aldosterone did not produce a decrease in saline intake. The adrenalectomized rats given vehicle treatment exhibited a small but signi®cant increase in saline intake. . RU28318 blockade of the normalizing effect of aldosterone on saline intake of adrenalectomized rats. Rats were adrenalectomized (ADX) or sham adrenalectomized 1 week before the beginning of the experiment. Rats were individually housed and each rat was given access to two water bottles, one containing tap water and another containing 0.9% saline. 24 h intake was monitored both before treatment and after two consecutive days of treatment. Daily treatment consisted of injection with vehicle or RU28318 (50 mg/kg, s.c.) followed 45 min later by injection with vehicle or aldosterone (120 m mg/kg, s.c.). *Signi®cantly different from the pre-treatment intake for the same treatment group, p < 0.05, Student's dependent t-test (n = 3±4).
Experiment 5: glucocorticoid receptor dependent functional bioassay
Treatment with dexamethasone (50 mg/kg s.c.) produced a substantial decrease in plasma corticosterone levels both during and after one hr of restraint stress (Fig. 5) . RU40555 (30 mg/kg s.c.) pretreatment completely blocked the effect of dexamethasone. RU40555 treatment alone had no effect on plasma corticosterone levels throughout the experiment.
DISCUSSION
Acute treatment of adrenalectomized rats with RU28318 or RU40555 produced a selective decrease in MR and GR cytosolic binding, respectively. These observed decreases in receptor binding may re¯ect the in vivo corticosteroid receptor occupation by RU28318 and RU40555. Several studies have demonstrated that only the unactivated form of corticosteroid receptors are available for radioligand binding in a cytosolic binding assay [16, 38, 39] . This may be largely a result of the absence of the activated receptor in the cytosolic tissue fraction due to nuclear translocation [40] . In addition, the activated form of the receptor does not participate in an in vitro exchange assay [16, 38, 39] . Consequently, only corticosteroid receptors that are unoccupied and unactivated by endogenous or exogenous steroid at the time of sacri®ce can be measured in the cytosolic receptor binding assay. Interestingly, several studies have indicated that not only GR agonists, but also the GR antagonists, RU486 and RU40555, cause activation and nuclear translocation of GR [41±44]. Thus, GR antagonism appears to be dependent on processes subsequent to receptor activation and nuclear translocation, such as decreased stability of the activated receptor state and impaired ability of the activated receptor to modulate gene transcription. Similar mechanistic studies of MR antagonists have been less extensive, perhaps largely due to the limited availability of MR reactive antibodies. A recent study utilizing an insect cell line transfected with human MR found that several different MR antagonists appeared to produce translocation of MRs, however, the translocation was poorly sustained relative to that seen by the agonist, aldosterone [45] . Our results indicate that RU28318 and RU40555 interact with MR and GR in vivo in such a way that makes these receptors unavailable for subsequent ex-vivo radioligand binding. Since in our studies rats were killed within 1±2 h after treatment with the antagonists, the observed decrease in available receptor binding is most likely a result of antagonist-induced alteration of the state of the receptor, such as receptor activation and nuclear translocation, rather than a rapid change in receptor expression [46] . These results suggest that under our experimental conditions both compounds produced activation/translocation of a substantial proportion of MR or GR.
The selectivity of in vivo treatment with RU28318 on available MR seen in our studies is important to note given that in vitro this compound has been reported to have a relatively low selectivity for binding of MR over GR [8, 9] . This discrepancy may be explained by the ®nding that RU28318 in vivo is rapidly converted into its gamma-lactone form (RU26752; Roussel-Uclaf, internal report) which is highly selective for MR in vitro [8, 9] .
After determining a dose of RU28318 and RU40555 that resulted in both high occupancy and selectivity for MR and GR, respectively, we examined the ability of each compound to antagonize a physiological effect produced by a selective MR or GR agonist. We used aldosterone regulation of sodium intake as a bioassay to study the in vivo effectiveness of RU28318 as a MR antagonist. As previously reported [28, 29] , we found that rats signi®cantly increased their preference for saline containing water over tap water after adrenalectomy, and that this effect was reversed by aldosterone treatment. RU28318 treatment was able to block the normalizing effect of aldosterone on saline intake. Thus, this result supports the functional capability of a MR selective dose of RU28318 to antagonize an MR mediated effect. RU28318 appeared to have very little effect of its own on saline intake in adrenalectomized rats. It should be noted, however, that vehicle treated adrenalectomized rats had progressively greater saline intake over the two day treatment period, whereas the saline intake of RU28318 rats did not increase after treatment. This may merely re¯ect between group variability in saline intake, however, it may re¯ect a low level inhibition of saline intake by RU28318 (a partial agonist effect).
In order to study the in vivo effectiveness of RU40555 to antagonize a GR mediated effect, we examined dexamethasone suppression of stressinduced corticosterone secretion. We have found in a dose±response study that dexamethasone (50 mg/kg s.c.) produces a near maximal suppression of corticosterone secretion during restraint stress (unpublished observations). As noted in Section 1, the pituitary appears to be the primary site of action for this inhibitory effect of dexamethasone [32±34]. RU40555 was able to completely block this effect of dexamethasone. RU40555 by itself had no effect on stress-induced corticosterone secretion. The lack of a suppressive effect of RU40555 on corticosterone secretion is noteworthy given that the more widely used GR antagonist RU486 has been reported to partially suppress stress-induced corticosterone responses in rats [13] and to partially suppress CRH stimulated ACTH secretion in humans [12] . These effects of RU486 are probably evidence for a partial agonist effect of this compound on HPA axis activity. An accumulating number of papers have reported glucocorticoid agonist-like effects of RU486 [10±14]. Thus, RU40555 may prove to be an effective alternative to RU486 for blocking glucocorticoid effects in situations where RU486 alone has demonstrated agonistic properties. On the other hand, a limitation of RU40555 appears to be its low solubility in the face of its relatively low antagonistic potency. Based on our studies of the effects of RU40555 treatment on available receptors, even the highest dose tested (30 mg/kg) produced only a 65±80% decrease in available receptors. This result suggests that our treatment with RU40555 did not produce complete blockade of GR. However, there is the possibility that some of the antagonistic effects of RU40555 on GR are produced by competition with agonist for the binding site without production of receptor activation and nuclear translocation. Thus, the effect of RU40555 treatment on available GR binding may underestimate the proportion of GR antagonism produced by RU40555. Regardless of whether our RU40555 treatment produced total GR blockade, it was suf®cient to completely block the corticosterone suppressing effect of dexamethasone.
The evidence in this study for systemic doses of RU28318 and RU40555 to selectively occupy MR and GR in the hippocampal formation is important given the growing number of studies that have found effects of putative MR and GR selective antagonists on hippocampal related function. For example, RU28318, spironolactone and RU486 have all been shown to modify performance in a Morris water maze task [47±49]. RU486 and RU40555 treatment have also been found to affect contextual fear conditioning [50] , whereas RU28318 treatment blocked corticosteroid modulation of reactivity to spatial novelty [51] . Both contextual fear conditioning and reactivity to spatial novelty are behavioral responses that are dependent on hippocampal processes [50, 51] . Direct injection of corticosteroid receptor antagonists into the hippocampal formation have also been shown to affect behavior. Bilateral intrahippocampal infusion of spironolactone produced a rapid anxiolytic effect in rats [52] , and bilateral infusion of RU486 into the dentate gyrus interfered with the retention of an immobility response in the Porsolt swimming test [53] . Thus, there appears to be separate roles of hippocampal MR and GR in mediating behavioral effects of corticosterone, and the use of selective MR and GR antagonists will undoubtedly continue to be instrumental in further characterizing these roles.
In summary, we found that in vivo treatment with RU28318 or RU40555 produced a selective decrease in available MR or GR, respectively, in hippocampal tissue. A similar effect was seen in pituitary with the caveat that the low level of MR expression in that tissue may have limited the extent to which we were able to detect changes in available MR binding. We also found that RU28318 treatment was effective in blocking an MR-dependent effect of aldosterone, and that RU40555 treatment was effective in blocking a GR-dependent effect of dexamethasone. These data support the validity of using these two compounds for in vivo studies designed to determine the relative role of MR and GR in mediating the effects of corticosterone.
